). ''To search for the best concept is no idle conceit, because the experiments that a scientist may devise and therefore the facts he may discover, as well as the explanations that he offers for them, depend on how he conceives nature. '' Andrewartha and Birch (1984) When my colleague Mauricio Lima sent me the accompanying paper (Camus and Lima 2002) it rekindled my interest in an unfinished manuscript that attempts to address some of the questions and problems they pose. The ideas presented in this essay are based on the premise that ecology needs a central unifying concept upon which to build a coherent and practical discipline. I will argue that, from a practical point of view, the ''population'' is the most logical choice for that central concept and that, because of this, the concept requires a precise and unambiguous meaning. This leads me to propose a definition for ''population'' that, I think, has these qualities.
When my colleague Mauricio Lima sent me the accompanying paper (Camus and Lima 2002) it rekindled my interest in an unfinished manuscript that attempts to address some of the questions and problems they pose. The ideas presented in this essay are based on the premise that ecology needs a central unifying concept upon which to build a coherent and practical discipline. I will argue that, from a practical point of view, the ''population'' is the most logical choice for that central concept and that, because of this, the concept requires a precise and unambiguous meaning. This leads me to propose a definition for ''population'' that, I think, has these qualities.
Does ecology need a central unifying concept?
Perhaps I can approach this question by asking another -Does biology need a central unifying concept? The answer, I think, is ''yes'' because most of modern biology is based on the biological concept of a ''species''. Without the species concept, it is difficult to imagine how order and understanding could have been brought to the vast panorama of life, for taxonomy, systematics, evolution, and ecology are all bound together by this unifying idea. The question is, if the species concept is necessary for biology, is it sufficient for ecology and, if not, what additional concept or concepts are necessary? My contention is that ecology needs one additional conceptthe population. I believe that this is necessary because ecologists need to know more than the presence or absence of species on the landscape, they also need to know how abundant the species are and how their abundance changes in space and time.
Is ''population'' the appropriate central concept for ecology?
Some ecologists have argued that the central focus in ecology should be on the individual organism (e.g., see Lomnicki 1988, DeAngelis and Gross 1992) . After all, ecological landscapes are made up of individuals going about their daily business and, in so doing, affecting each other in a multitude of ways. The problem is that, although an individual-based approach may seem logical, it is impractical.
First there is a computational problem for, if we were to treat every organism on a large landscape as a separate entity, with its own particular character and behavior, then keeping track of all the information, motion and interaction would be an impossible task, even for modern supercomputers. Another problem is that of measurement. In order to predict the future states of ecological systems, we must first measure their current states. An individual-based approach would require us to measure the state and location of every organism on the landscape, an impossible task in most situations. Thus, though an individual-based approach may make sense, it is not practical. This does not mean that the study of individual-based models is useless, for they may illuminate important ecological principles, but rather that the individual approach is not directly applicable to the practical problems of ecological estimation and prediction. In addition, population-level concepts and models should, ideally, be derived directly from individual-based first principles; e.g., Royama's (1992) derivation of the logistic model from a spatially explicit model of individual interactions.
One way to make a science more practical is to work at a higher level of abstraction. The level of ecological abstraction above the individual is the population -a group of indi6iduals of the same species. Here we concern ourselves, not with individuals, but with the average properties of a group of similar (but not exactly the same) individuals belonging to the same species. Although variability from this average may be described statistically, say by the variance around the mean, the identity and uniqueness of the individual organism is lost in the abstraction. We have sacrificed information about the individual in order to develop a practical science, as is also true for the concept of species. From this line of reasoning, an ecological science based on the concept of population will be more realistic than one based on the concept of community or ecosystem because these are higher levels of abstraction and, therefore, further removed from reality. Thus, for those who wish to apply ecological science to the solution of real problems, there seems to be little choice but to accept the concept of population as their modus operandi.
Building ecological science around the concept of population greatly simplifies its organization. Community, landscape and ecosystem are no longer separate paradigms for ecology but merely different ways to describe and classify assemblies of populations (or subpopulations). In the same vein, it no longer makes sense to consider population dynamics as a particular way to view ecology -it's the only way. Population dynamics becomes synonymous with ecological dynamics, with the variables of ecological change being numbers, biomass or energy contained within the constituent populations.
Finally, there is a certain logic, parsimony and unity in considering the population as the fundamental unit of ecology, for the concept is intimately intertwined with, and interdependent on, the other conceptual unit, the species. In order to define a species we need to know what a population is, and to define a population requires the concept of species (see below). In addition, the processes of microevolution and population dynamics are intimately entwined in the sense that microevolution gives rise to new traits, which set the demographic parameters governing population dynamics, which drive the evolution of new traits through the Malthusian ''struggle for existence''. Each process drives the other in an unending sequence of adaptation, speciation, and population dynamics. The species and the population seem to be natural and necessary units on which to build the discipline of ecology or even biology in general.
How do we define the population?
If ''population'' is to be the central concept for ecology, then it should be defined in a clear and unambiguous way. In the past, the term has been used in a rather casual or arbitrary way, sometimes, it seems, to prove a point rather than for scientific rigor. For instance, using one definition can lead to a non-equilibrium view of ecology and another to an equilibrium view (Berryman 1987) . The problem has been exacerbated by the popularity of metapopulation theory, to the extent that the idea of a population is sometimes lost completely. For example, the most recent book on this subject defines the metapopulation as a group of local populations (Hanski and Gilpin 1999) . However, Andrewartha and Birch (1984) previously defined what they called a natural population in exactly the same way. A group of local populations cannot be, at the same time, both a population and a metapopulation. Surely we need to understand what we mean by the term ''population'' before we can comprehend and define its derivatives, ''local'' and ''meta'' population? Most definitions of population include the notion of ''a group of individuals of the same species living together in a particular place''. But there is considerable ambiguity about what is meant by ''place''. At one extreme are those who define ''place'' by the natural boundaries to the distribution of the species (Andrewartha and Birch 1984) , at the other those who leave it to the whim of the observer (Berryman 1981 , Ricklefs 1990 . Although the former definition seems a bit restrictive, the latter is much too vague for a fundamental concept. Yet ecologists, including this one (Berryman 1981) , have been very liberal in their idea of ''place'', and this, I believe, is one of the reasons for much of the confusion and controversy in ecology (Camus and Lima 2002) . Some authors attempt to be more specific. For example, Huffaker et al. (1999) define ''place'' as ''a natural area of sufficient size that reproduction and survival maintains the population for many generations and permits normal dispersive and migratory behaviors''. This definition recognizes that ''place'' has something to do with the special characteristics of the species, especially the need to disperse and/or migrate. One of the most thorough analyses of this problem must be Andrewartha and Birch's exploration of ''the meaning of population'' in chapter 8 of their book The Ecological Web (Andrewartha and Birch 1984) . These authors concluded that the ''natural population'' is made up of many interbreeding ''local populations'' (sensu den Boer 1968 , Mayr 1970 and that, although dispersal between local populations is expected, it is ''nonexistent or negligible between natural populations'' (because they are isolated by physical barriers to dispersal). Thus, the natural population of Andrewartha and Birch is what evolutionary biologists call ''geographical isolates'' (Mayr 1970) . Because such populations are reproductively isolated from other similar units, they are thought to be a major factor in the evolution of new species. In my opinion, however, this definition is much too broad, even for evolutionary biologists, for many believe that evolution can progress at much smaller spatial scales (e.g., Bush 1969) .
Most ecologists will probably agree with Huffaker et al. (1999) and Andrewartha and Birch (1984) that the spatial definition of ''population'' should at least consider the dispersal and/or migration requirements of the organism in question. But how do we translate this minimal requirement into a practical rule? The problem for the field ecologist is to define an area over which the population needs to be sampled in order to represent the ''true'' population rather than a ''local'' population. The tendency has been to define this rather arbitrarily, or for reasons of practicality; e.g., ''the population of aphids in a wheat field''. They should ask themselves, however, whether a wheat field is an appropriate spatial scale for studying animals that can move long distances and whose numbers are greatly affected by conditions in distant habitats. Studies limited to a ''wheat field'' have little chance of uncovering the mechanisms underlying the population dynamics of many aphids. Camus and Lima (2002) argue that populations should have a spatial identity that reflects the mobility and habitat requirements of the organism -what they call the ''population area''. Consider monarch butterflies breeding in the northern temperate zone and overwintering in subtropical forest habitats thousands of kilometers to the south. The population area of the monarch must encompass a vast terrain and, for population studies to be meaningful, mortality factors must be measured over the total area. This is not to say that studies of reproductive success in the north, or overwintering survival in the south, are meaningless, only that the investigators need to realize that they are not studying the true population.
If we accept the idea that the population concept is only meaningful if it has a spatial identity, then it follows that population changes should not be dependent on movement but, rather, on the processes of reproduction and survival alone. In other words, population dynamics is the study of forces affecting the birth and death processes (i.e., changes in numbers, biomass, species composition), not redistribution processes (i.e., changes in location). Local population dynamics, on the other hand, needs to consider the processes of immigration and emigration. This logic leads to a rule of thumb for defining the population area; i.e., the area should be large enough so that immigration and emigration is rare or, at least, roughly balanced (Berryman 1999) . It also leads to a formal definition of population as a group of indi6iduals of the same species that li6e together in an area of sufficient size to permit normal dispersal and/or migration beha6ior and in which numerical changes are largely determined by birth and death processes. Notice that this definition omits the requirement that the area be large enough to satisfy all the requirements for reproduction and survival. This recognizes that populations can become extinct if the habitat within the population area deteriorates sufficiently. It also recognizes that the spatial identity of a population depends on the vagility of the species, not on its properties of reproduction and/or survival. Given this definition, then groups of organisms living in smaller areas become ''local populations'' (or sub-populations), and those occupying larger areas become ''metapopulations''. The dynamics of local populations will be strongly influenced by dispersal and migration, while those of metapopulations will only be affected by rare and/or random diffusion between neighboring populations. As all members of a population, so defined, have the potential to reach, through their characteristic mobility, all other members, this definition is similar to the systematists concept of ''deme'' -a group of interbreeding or potentially interbreeding conspecifics (Simpson 1961) .
The problem for the applied ecologist, of course, is how to identify the population area for a particular species of interest. Remember that, under our definition, population change must be brought about by individual births and deaths, which means that net migration must be zero, or close to it. In other words, the area must be large enough for the emigration and immigration rates to be negligible or, at least, roughly balanced. If you can imagine such an area for a particular species, then you can grasp the spatial identity of that species' population. Another way to view it is to imagine the area over which an average individual wanders during its normal lifetime. This may be fairly straightforward for relatively sessile organisms, for those with well-known migratory patterns (directed movement), and for populations isolated by physical barriers (e.g., isolated islands), but it may be more difficult for highly vagile species with unpredictable dispersal. This is particularly true for organisms dispersed by wind and ocean currents. One way to solve this problem is to make the area so large that population change is not likely to be affected very much by movements. This is a consequence of two facts: first, that the perimeter of a circle, from which diffusion occurs, increases as a linear function of its radius while the area, within which births and deaths occur, increases as a square of the radius; and second, that the larger the area, the more likely is it to include the normal movement pattern of the species. What this means is that organisms with free-drifting pelagic stages (e.g., aphids and many marine species with pelagic larvae) may have to be sampled over very large areas or very large distances if we intend to understand the processes determining their population dynamics.
What are the implications of the population concept for ecology?
I believe that the acceptance of the population concept as the basic building block for ecology, together with its precise definition (but perhaps a better one than I have given) and methods for determining the proper size of the population area, will have a profound effect on our discipline.
First, and most important, a clear and widely accepted definition of the central concept will provide a standard for discussion and comparison, so that we will at least know what we are all talking about (something I'm not quite sure we are doing now).
Second, other ecological concepts can be placed into their correct context. For example, the idea of an ecological community as a group of interacting populations (Odum 1971 ) presupposes a spatial scale determined by its most vagile members. In other words, the spatial dimension for community-level studies should be set by the most mobile organisms (Korpimäki and Krebs 1996) . For example, the vole populations of western Finland are apparently stabilized by avian predators that immigrate rapidly into areas of high vole abundance and emigrate from low-density areas (Korpimäki and Norrdahl 1991) . In this case, the correct spatial scale to study the interaction between vole and raptor populations is determined by the dispersal characteristics of the predators rather than those of the prey. In the case of lions feeding on roving herds of ungulates, it may be the opposite.
Third, the population area concept provides a basic framework for describing and analyzing the effects of spatial heterogeneity on population dynamics. For example, two important characteristics of the population area may be (1) the proportion of the total area composed of favorable habitat, and (2) the degree of fragmentation of the favorable habitat. Population areas can thus be described by average properties just like populations, and these average properties can then be related to per-capita birth and death processes.
Finally (but not exhaustively), the ultimate goal of ecology is to elucidate the general principles or laws of interaction between populations, and to classify the emergent properties of these interactions. To achieve these ends we must have a precise and unambiguous conceptual framework and terminology. If this essay has helped us towards this end, my time will have been well spent.
